Introduction
Sound source localization is an important auditory function. The direction from which sound emanates affects the level and arrival time of sound between the ears. These two cues, known as interaural level difference (ILD) and interaural phase difference (IPD), are used by the auditory nervous system for sound source localization (Rayleigh, 1907; Klump, 2000; Yin, 2002; Konishi, 2003) . These interaural cues depend on the animal's head size, with small-headed animals having small cues. Some small-headed mammals, such as bats and rodents, hear high-frequency sound; a small diffraction of the sound around the head creates a large level difference between two ears for high frequencies (Ehret and Dreyer, 1984; Heffner and Heffner, 1992; Firzlaff and Schuller, 2004) . On the other hand, most birds have small heads but use lowfrequency sound, below 5 kHz, for communication (Dooling et al., 2000) . The interaural level differences at these frequencies are small, suggesting that the neural coding strategies for this cue must be specialized.
Some enhancement of the binaural cues occurs due to acoustic interactions within the interaural canal, an air-filled connection between the two middle ear cavities in birds (Klump, 2000) . The difference between the external and internal pressure at the tympanic membrane depends on the phase difference of sound between two ears, even when the sound pressure level is the same. It has been hypothesized that the direction of sound can be detected, in part, at the tympanic membrane due to the difference in the acoustic path length and the coupling between the two ears by the interaural canal (Coles and Guppy, 1988; Hyson et al., 1994; Larsen et al., 2006; Koppl and Carr, 2008) . In the barn owl, however, the effects of acoustic coupling are negligible above 3 kHz because of a sharp attenuation of coupling in the sound frequency ranges important for sound localization in this species (Moiseff and Konishi, 1981) , though clear directionality was reported at the level of cochlear microphonics (Coles and Guppy, 1988) . Despite the wealth of information about interaural coupling, few studies have focused on the effect of interaural phase difference on the processing of level difference cue in such cases. We investigated the chicken auditory system to understand how an interaural level difference (ILD) is processed. Sound intensity is extracted in the nucleus angularis (NA) and an ILD is processed in the dorsal lateral lemniscal nucleus (LLD). We found that the neural activity in these nuclei is affected by the interaural phase difference (IPD). Activity in the NA was suppressed by strong contralateral sound when binaural stimuli were presented in-phase, but the activity was enhanced by out-of-phase stimuli. These IPD dependent suppression or enhancement probably occurs through acoustic interference across the interaural canal connecting the middle ears of the two sides. The LLD neurons were excited by contralateral sound and inhibited by ipsilateral sound, reflecting excitation by the contralateral NA and inhibition from the ipsilateral NA, probably through the contralateral LLD as in the barn owl. The LLD unit activity encoded an ILD and was strongly modulated by the IPD. We propose a simple model to explain the interaural coupling effects and IPD modulation of LLD activity, and conclude that the modulation of neuronal activity by IPD may improve ILD processing and the direction sensitivity of LLD neurons to the contralateral ear, compensating for the small ILD cues.
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Abbreviations: ANF, auditory nerve fibre; BF, best frequency; ILD, interaural level difference; IPD, interaural phase difference; NA, nucleus angularis; NL, nucleus laminaris; LLDa, anterior part of the dorsal lateral lemniscal nucleus; LLDp, posterior part of the dorsal lateral lemniscal nucleus; LLD, dorsal lateral lemniscal nucleus; LSO, lateral superior olive; MNTB, medial nucleus of the trapezoid body; SLu, nucleus semilunaris; SPL, sound pressure level; VLV, ventralis lateral lemniscus.
